Synthesis of heat shock proteins following oxidative challenge: role of glutathione.
The relationship between glutathione metabolism, menadione sodium bisulphite oxidation of protein thiols, and the synthesis of hsc70 was investigated using CHO cells. A 30-min/37 degrees C exposure to menadione, a compound which redox cycles to produce superoxide anion radicals and hydrogen peroxide, resulted in rapid accumulation of hsc70 mRNA. PAGE and Western blot analysis indicated increased synthesis such that accumulation of hsc70 occurred. These changes were preceded by rapid oxidation of GSH to GSSG, followed by GSH depletion, and subsequent protein thiol oxidation. As a test of whether a correlation existed between GSH oxidation and depletion, protein thiol oxidation and hsp synthesis, cells were exposed to menadione in the absence and presence of glucose. Synthesis of hsc70 was increased in cells exposed to menadione in the absence of glucose compared with its presence. As a further test, cells were exposed to BSO/DEM in order to deplete GSH and then exposed to menadione. The synthesis of hsc70 following exposure to menadione was greatly increased in GSH-depleted cells compared with GSH-replete cells. Experiments were conducted to determine if electroporation of cells in GSSG containing buffer affected hsp synthesis. Electroporation in glucose-free buffer containing 3 mM GSSG did not affect hsp synthesis. We interpret these results to indicate that the inability to maintain glutathione in a reduced form during menadione redox cycling resulted in protein thiol oxidation. This, in turn, resulted in accumulation of hsc70 mRNA with a subsequent increase in the synthesis of hsc70.